Background: Whole-cell pertussis (wP) and measles vaccines are effective in preventing disease but have also been suspected of increasing the risk of encephalopathy or encephalitis. Although many countries now use acellular pertussis vaccines, wP vaccine is still widely used in the developing world. It is therefore important to evaluate whether wP vaccine increases the risk of neurologic disorders. Methods: A retrospective case-control study was performed at 4 health maintenance organizations. Records from January 1, 1981, through December 31, 1995, were examined to identify children aged 0 to 6 years old hospitalized with encephalopathy or related conditions. The cause of the encephalopathy was categorized as known, unknown or suspected but unconfirmed. Up to 3 controls were matched to each case. Conditional logistic regression was used to analyze the relative risk of encephalopathy after vaccination with diphtheria-tetanus-pertussis (DTP) or measles-mumps-rubella (MMR) vaccines in the 90 days before disease onset as defined by chart review compared with an equivalent period among controls indexed by matching on case onset date. Results: Four-hundred fifty-two cases were identified. Cases were no more likely than controls to have received either vaccine during the 90 days before disease onset. When encephalopathies of known etiology were excluded, the odds ratio for case children having received DTP within 7 days before onset of disease was 1.22 (95% confidence interval ͓CI͔ ϭ 0.45-3.31, P ϭ 0.693) compared with control children. For MMR in the 90 days before onset of encephalopathy, the odds ratio was 1.23 (95% confidence interval ϭ 0.51-2.98, P ϭ 0.647).
V accination has proved effective in controlling several infectious diseases, including pertussis and measles. [1] [2] [3] However, some reports have attributed serious adverse events to the use of the pertussis and measles vaccines. In particular, encephalopathy or encephalitis has been reported to occur after receipt of whole-cell pertussis vaccine (wP) or combined measles-mumps-rubella (MMR) vaccine. 4 In the 1970s, concerns among the public regarding possible neurologic reactions led to a decline in pertussis vaccine use in the United Kingdom; unfortunately, this decrease in vaccine acceptance was quickly followed by outbreaks of disease in 1977-1979 and 1982 . Similar events took place in Japan 4 and Sweden 5 in the late 1970s. The purported association between vaccine use and encephalopathy remains controversial. 6 The largest and best known of the studies that have examined this issue was a case-control study, the National Childhood Encephalopathy Study (NCES), conducted in the United Kingdom from 1976 to 1979. All pediatricians, infectious disease specialists and neurosurgeons in the country were asked to report cases of neurologic illness in children 2 to 36 months old. Two controls were matched to each case and vaccine histories were obtained for the month before admission to the hospital or for the corresponding month for controls. The relative risk (RR) of diphtheria-tetanus-pertussis (DTP) vaccination within the 7 days before the onset of encephalitis was 3.1 (95% confidence interval ͓CI͔ ϭ 1.0 -10.5). 7 This was not statistically significant and the investigators therefore concluded that the results were suggestive of but did not prove an association between vaccination and neurologic illness. However, others maintain that the NCES experienced methodologic problems and that the evidence does not even suggest such an association. 6 The interpretation of the NCES was limited by the small number of cases exposed to vaccine; only 26 of the first 1000 reported cases (2.6%) had received DTP vaccine within 7 days of the onset of the encephalopathy; 30 of 2000 controls (1.5%) had received vaccine during the equivalent period. 8 Most affected children recovered without long-term sequelae and a 10-year follow up of the NCES population found that there was no significant difference in death or rate of neurologic dysfunction between the children who were vaccinated shortly before the onset of their acute illness and those who were not. 9 The NCES study found that children with convulsions or encephalopathy were more likely to have received MMR vaccine 7 to 14 days before the onset of symptoms (RR ϭ 2.3, P Ͻ 0.05).
A similar study in the northwestern United States also found no significant association between DTP vaccination and acute neurologic illness; however, this study evaluated a smaller population (218,000, including 424 cases) so that a weak association may have been missed. 10 An independent analysis of the NCES and other data by the U.S. Institute of Medicine (IOM) concluded that the evidence was consistent with a causal (albeit rare) relationship between DTP vaccination and acute encephalopathy in the immediate postvaccination period but that there was insufficient evidence to conclude that DTP causes permanent brain damage. 4 Subsequent analyses by the American Academy of Pediatrics 11 and the IOM 12 reaffirmed the earlier conclusions that there is no definitive, causal link between encephalopathy and DTP vaccination. All advisory groups continue to recommend pertussis vaccination because the benefits are irrefutable.
As a result of general concerns about the safety and consistency of the wP vaccine, the United States and many other countries have adopted the use of several acellular pertussis vaccines that have similar effectiveness 13, 14 and lower reactogenicity 15, 16 than the wP vaccine. However, the wP vaccine is easier and less expensive to manufacture and remains the preferred pertussis vaccine in most developing countries. 17 Thus, the safety of the wP vaccine is still of relevance to most countries, as is the safety of the MMR vaccine, which is also used worldwide. This retrospective case-control study was conducted at 4 study sites in the western United States as part of the ongoing Vaccine Safety Datalink project of the Centers for Disease Control and Prevention (Atlanta, GA), which was initiated in 1991. 18 Our objective was to reevaluate the issue of whether wP and measles vaccination are associated with encephalopathy or encephalitis.
MATERIALS AND METHODS
This retrospective study was carried out at 4 health maintenance organizations: Group Health Cooperative, based in Washington State; Northern California Kaiser Permanente; Northwest Kaiser Permanente, in Oregon and Washington; and Southern California Kaiser Permanente. It involved children 0 to 6 years of age hospitalized with encephalopathy or related conditions during the period from January 1, 1981, through December 31, 1995. Southern California Kaiser Permanente participated from August 1, 1988 , through December 31, 1995. Identification of Cases. The case definition included hospitalized patients with a primary or secondary diagnosis of encephalopathy, Reye syndrome, or encephalitis. Patients were eligible for inclusion if they had been members of the health plan for at least 60 days before hospital admission or since birth if the patient was less than 60 days old. Hospital charts were reviewed and abstracted. A case was accepted by the abstracter if there was a diagnosis of encephalopathy by a neurologist and a clear etiology of congenital anomaly/syndrome, birth anoxia, drug or toxin ingestion or trauma. Cases for which there was a definitive diagnosis by a neurologist of a condition other than encephalopathy were rejected by the abstracter. All other neurologic cases were reviewed by an independent neurologist blind to the vaccination status of the patient to determine whether the patient met the case definition, the specific diagnosis, whether the condition was acute or chronic, the underlying cause and the condition on follow up. The information included in the chart abstract included the presence of seizures, laboratory results, liver biopsy, electroencephalography results, magnetic resonance image results, vaccination history, preexisting neurologic disorders, specialties of diagnosing physicians, patient condition at each follow-up visit, neurologist's diagnosis, presence of stupor or coma, brain or meningeal biopsy, patient demographics, patient diagnoses, the chronic or acute nature of the condition, the date of illness onset and the etiology of the illness. Definitions Used to Identify Cases. The definitions of encephalopathy, Reye syndrome and encephalitis used to identify cases were as follows: ). We excluded disease with other known etiologies.
Selection of Controls. Up to 3 controls were selected for each case. The controls were matched to cases according to health maintenance organization location, age (within 7 days), sex and length of enrollment in the health plan.
For both cases and controls, vaccine exposure was ascertained from the medical record. Abstractors were not blinded to case/control status because the abstractors had to review the entire chart to ascertain vaccine status and a child with encephalopathy would be obvious on this review. However, the review of each case to ascertain clinical criteria for inclusion was conducted by a neurologist blinded to the vaccine status of the child. Analysis. Cases were categorized according to whether the etiology of the encephalopathy was known, unknown or suspected but unconfirmed. Assessment of vaccination risk for various exposure intervals was conducted using conditional logistic regression for all cases versus controls, cases with unknown or suspected but unconfirmed cause versus controls and cases with unknown cause versus controls. A suspected but unconfirmed cause included cases in which a diagnosis such as viral meningitis had not been confirmed by a specific laboratory test. Approximately 2, 197 ,000 children at 4 health maintenance organizations were eligible for inclusion in this retrospective case-control study. A total of 452 encephalopathy cases were identified at the 4 sites: 20 at Group Health Cooperative, 236 at Northern California Kaiser Permanente, 39 at Northwest Kaiser Permanente and 157 at Southern California Kaiser Permanente.
RESULTS
Eight of the cases received MMR vaccine within the 60 days before admission and 49 of the cases received DTP (Table 1) . Only one case exposed to MMR (13%) had an encephalopathy of known cause; 15 (31%) of the cases exposed to DTP were of known cause.
Each immunization exposure was stratified into time windows (Table 2 ). In no time window were the cases more likely than controls to have received DTP or MMR vaccine. In fact, controls were significantly more likely than cases to have received DTP vaccine within 60 or 90 days.
The cases were then further stratified into those whose encephalopathy was of a known cause (etiology confirmed by a diagnostic test) and those for whom the cause was unknown or suspected but unconfirmed. When the unknown and suspected but unconfirmed cases were combined, the odds of exposure to DTP vaccine within 7 days was numerically slightly greater for cases than for controls, but this did not approach statistical significance (odds ratio ͓OR͔ ϭ 1.22; 95% CI ϭ 0.45-3.31; P ϭ 0.693; Table 3 ). The relative risk estimate declined when the time window was lengthened to 14 days or longer and it was substantially reduced when only cases of unknown cause were considered (OR ϭ 1.04; 95% CI ϭ 0.26 -4.11; P ϭ 0.953; Table 4 ).
Likewise, cases were no more likely than controls to have received MMR vaccine during any time window, regardless of etiologic category, except during the 90-day window (Tables 2, 3 and 4) . During the 90-day window, children with neurologic disease of unknown or suspected but unconfirmed cause were numerically more likely to have received MMR vaccine but not significantly so (OR ϭ 1.23; 95% CI ϭ 0.51-2.98; P ϭ 0.647). Table 5 contains a clinical summary of each case of unknown or suspected but unconfirmed etiology in which the child received DTP vaccine within the 14 days before the onset of symptoms or MMR vaccine within the 30 days before onset. No distinct pattern of symptoms is seen among these cases. Of the 8 children who received DTP within 14 days of disease onset, 3 had a full recovery, 3 had a partial recovery and 2 had no recovery or died. Two of the 3 children who received MMR within 30 days had a full recovery and the third died. No cases had received MMR within 14 days, the interval associated with increased risk in the NCES study.
DISCUSSION
In this analysis of a possible relationship between vaccination with DTP or MMR and the occurrence of encephalopathy or encephalitis, we found that cases were no more likely to have been vaccinated with DTP vaccine in the month before disease onset than control children. Only 6 cases were exposed to DTP in the 7 days before symptom onset (the period of increased risk in the NCES study) and the OR between cases and controls was not significant. Although the small number of vaccinated cases limits our ability to assess possible associations, it also means that the possible attributable risk of encephalopathy after DTP is extremely small. In all other timeframes, the OR of the case risk to the control risk of DTP immunization was less than one, providing no evidence of any association. There were significant differences between cases and controls only for the 60-and 90-day windows when all cases were considered and these differences reflected a higher rate of vaccine exposure among the controls than the cases. This could be the result of less immunization in children with progressive neurologic disease for whom wP vaccination is contraindicated.
In the British NCES evaluation of MMR vaccination, the period associated with increased risk was 7 to 14 days. 
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Also, Weibel reported an increased risk of encephalopathy with subsequent permanent brain damage or death on days 8 and 9 after measles vaccination, but this was based on 48 cases voluntarily reported to the National Vaccine Injury Compensation Program (NVICP) in the United States. 19 We did not find an increased OR for MMR vaccination during this time; in fact, no case children had received MMR vaccine within 14 days of the onset of encephalopathy. The NVICP only documents encephalopathies that occur within 15 days of vaccination and thus would not have captured encephalopathies that were diagnosed at longer intervals after vaccination. In our study, we observed a slightly (but not significantly) increased OR with MMR vaccination within 90 days for cases of unknown or suspected but unconfirmed cause. Although it is possible that there is such a delayed reaction to the vaccine, the lack of a consistent time association between There is also no indication of a "clinically distinctive pertussis vaccine-induced encephalopathy." 4, 8 A review of our cases (Table 5 ) supports this conclusion. The symptoms of the 8 children who developed an encephalopathy of unknown or suspected but unconfirmed cause within 14 days of DTP vaccination or 30 days of MMR vaccination varied 
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The Pediatric Infectious Disease Journal • Volume 25, Number 9, September 2006 widely as did the interval between vaccination and onset of symptoms. This argues against a specific disorder caused by the pertussis or measles vaccines. We performed a case-control study in part because of the low incidence of encephalopathy among young children and because the analysis was retrospective. In this study, only 452 cases were identified in a population of approximately 2,197,000 at 4 large institutions over a period of 15 years. Of these 452 children, only a small fraction had been exposed to vaccine in the months before the onset of encephalopathy. A prospective cohort study would have required an impractical number of enrolled subjects to generate enough cases to analyze. In fact, the NCES researchers estimated that every child born in Britain would have had to be enrolled in a cohort study to encounter a sufficient number of cases for analysis. 8 The known efficacy of these vaccines precludes the ethical use of a randomized, placebo-controlled design.
Our results are consistent with those of previous studies, although in contrast to the NCES study, we found no evidence for a relationship between vaccination and encephalopathy. In our study, 6 cases were exposed to DTP within 7 days of onset and 11 were exposed to MMR within 90 days. This corresponds roughly to an all-cause incidence (not an attributable risk) of one in 370,000 after DTP and one in 200,000 after MMR, a rate that is not statistically different from background. In the NCES, the attributable risk of a serious neurologic disorder of any clinical outcome within 7 days of DTP vaccination was reported to be one in 110,000 vaccinations 8 ; the attributable risk for a serious neurologic disorder resulting in death or neurologic sequelae 12 months after the onset of illness was one in 330,000 for previously normal children, 20 although it has been noted that the NCES rates include children with febrile seizures as well as frank encephalopathy. It should be emphasized that all of these rates for encephalopathy after DTP vaccination are significantly less than the attributable risk for encephalopathy of one in 11,000 after pertussis itself. 21 The report based on data from the NVICP conservatively estimated that the risk of acute encephalopathy within 15 days of measles vaccination that was followed by permanent brain impairment or death was approximately one in 1,500,000 vaccinations. 19 In comparison, the risk of encephalitis after measles is one in 1000 with death or permanent neural impairment as frequent sequelae. 3 Thus, the risk of encephalopathy or encephalitis resulting from pertussis and measles disease is much higher than any potential risk from vaccination.
Our findings do not support a conclusion that there is an increased risk of encephalitis or encephalopathy after DTP or MMR vaccination. Although this study is large, encephalopathy is rare and thus it is not possible to exclude completely a small increase in the risk of encephalopathy after DTP or MMR vaccination. However, if such an increased risk exists, the absolute risk is extremely small and it is much lower after vaccination than after pertussis or measles. Therefore, our results support the continued use of DTP and MMR vaccines.
